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ALCIAN DYES IN, CALCIUM CHLORIDE: A.ROUTINE SELECTIVE METHOD
TO DEMONSTRATE MUCINS
One of the simplest procedures to demonstrate mucinous substances (acid
mucopolysaccharides) in routine histological preparations involves the use
of Alcian dyes. Methods involving these dyes have largely. replaced the
older, more empirical mucicarmine technique arid are faster and less compli-
cated than the colloidal iron method of Hale,1 which suffers from the possi-
bility of false-positive staining due to the presence ofintrinsic ironin tissues.?
The usefulness of the Alcian dye methods for diagnostic purposes has
been extended by combination with other procedures. Mowry8 used Alcian
blue-periodic-acid-Schiff method to demonstrate the acidic groups and the
1,2 glycols of mucopolysaccharides. Putt and Hukill'. found Alcian green-
Verhoeff's elastic stain useful,for the histologic:diagnosis of lung carcinomas.
Alcian blue 8GS, introduced by Steedmand it a water soluble, copper
phthalocyanine dye, which is closely related to the alcohol soluble Mona§stral
fast blue. Since Alcian blue 8GS is no longer commercially available, it has
been replaced by Alcian blue 8GX (C.I. No. 74240), a purer and more
soluble dye.
The original reaction for demonstrating mucins was of necessity very
short: if prolonged, other tissue elements took up the stain. This was pre-
sumably due .to both strong and weak acid groups in tissue, the former
responsible for the fast reaction. In order to overcome this problem, Vailli
oxidized sectioned tissues in chromic acid, which limited the staining re-
action to the strong acidic groups of mucopolysaccharides. Mowry' and
Lison8 further modified the staining procedure by acidifying the dye solution
with acetic acid, which permitted a longer and more precise stain with mini-
mal background coloration due to the fact that the low pH allowed only the
utilization of strong acid esters. The slight nuclear or connective tissue stain-
ing that sometimes occurs with Alcian dyes can be overlaid and minimized
with a counterstain.
The purpose of this paper is to introduce a method of preparing Alcian
dye solutions by the substitution of calcium chloride (CaCI2.2H2O) in place
of acetic acid. This replacement results in a solution with a pH of 2.8 which
is well within the limits ofacidity of the solutions used by Mowry and Lison.
The present selective use of Alcian dyes for mucin in a calcium salt solution
was first observed inadvertently while carrying out Attwood's differential
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stain for amniotic-fluid embolism, in which mucin is stained green with
Alcian green, and epithelial squames red, with phloxine. In our particular
preparations, selective affinity of Alcian green for mucus and cartilage was
ordinarily poor. Restaining the mucins in Alcian green resulted in an intense
uptake of the dye and only could be accounted for by the calcium chloride
that was present in the counterstain.
MATERIALS AND METHODS
Routine surgical and autopsy material, including tissues that did or did not contain
mucins were fixed in 10% formalin and Helly's fluid, embedded in paraffin in the usual
manner and sectioned at 5 microns. Egg albumin adhesive was used sparingly as a
mounting medium as it also stains. In order to check background uptake of the dyes,
mucin positive and negative sections were stained in various Alcian dye solutions for
30 minutes with and without calcium chloride. These were compared with identical
sections stained for the same period of time in a 1% solution of Alcian dyes in 3%
acetic acid. Unacidified dye solutions stained background proteins, whereas sections
immersed in acidified and calcium chloride solutions showed negligible background
staining. The dyes used in the present procedure were purchased from ESBE Labora-
tory Supplies, 3431 Bathurst St., Toronto 19 Ontario, Canada and Roboz Surgical In-
strument Co., Ltd., 810-18th Street, N.W., Washington, D.C. 20006.
PREPARATION OF MATERIALS
Celestin blue:
5 gm. of ferric ammonium sulfate (iron alum) was dissolved in 100 ml. of distilled
water overnight at room temperature. It was then brought to a boil and 0.5 ngm. of
Celestin blue added and boiled carefully for 3 minutes. When cool it was filtered and
14 ml. of glycerin was added. The solution keeps well at room temperature and should
be filtered before use.
Mayers haemalum:
Hematoxylin 1 gm.
Sodium iodate 02 gm.
Potassium alum (aluminum and potassium sulfate) 50 gm.
Distilled water 1000 ml.
Chloral hydrate 50 gm.
Citric acid 1 gm.
The hematoxylin, sodium iodate and potassium alum were dissolved in distilled water
overnight. Chloral hydrate and citric acid were then added and the solution boiled for
5 minutes. When cool the dye mixture is ready for use and is stable when stored.
Alcian green 2GX solution:
Alcian green 1 gm.
Calcium chloride (CaCLh2H20) 0.5 gm.
Distilled water 100 ml.
Calcium chloride was dissolved in the water prior to addition of the dye. A crystal
of thymol was added as a preservative. The solution was filtered before use and was
stable when stored.
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Martius yellow counterstain: (C.I. No. 10315)
Martius yellow 0.5 gm.
Distilled water 20 ml.
Phosphomolybdic acid (1 gm.) in absolute alcohol 80 ml.
Ingredients were combined and filtered. Solution is stable at room temperature.
PROCEDURE
1. Deparaffinize and hydrate sections.
2. Remove mercury crystals if tissue is fixed in Helly's solution.
3. Stain in Celestine blue for 5 minutes.
4. Wash in tap water for 2-3 minutes.
-5. Stain in Mayer's haemalum for 5 minutes.
6. Wash well in tap water.
7. Differentiate nuclei in acid alcohol for a few seconds.
(1 ml. of hydrochloric acid in 99 ml. of 70% alcohol).
8. Wash in running tap water for 5 minutes.
9. Stain in Alcian green 2GX solution for 5 to 10 minutes.
10. Rinse in distilled water.
11. Counterstain in Martius yellow for 15-30 seconds.
12. Rinse in tap water.
13. Dehydrate in 95% alcohol, 2 changes; abolute alcohol, 2 changes.
14. Clear in xylene. Mount in Permount.
RESULTS
The following staining results were obtained: Nuclei, blue-black; connec-
tive tissue mucopolysaccharides, mucus and ground substance of cartilage,
green; erythrocytes, muscle and fibrous tissue, yellow. Mast cell granules
and cryptococcus are also demonstrated.
DISCUSSION
The present study indicates a simple, effective repeatable method for
staining mucins with Alcian dyes. In this regard the staining method was
selective, since the exact staining reaction is unknown and will require
further investigation. The present Alcian modification showsgoodagreement
with that produced with acidified Alcian dyes.
The present use of Alcian green 2GX is in agreement with the works of
Pearse'0 and Humason' because it reacts rapidly and at low concentrations.
However, other Alcian dyes may be used and include Alcian green 3BX,
Alcian yellow GXS, and Alcian blue 8GX. Alcian greens, subjected to thin
layer chromatography, are revealed to be mixtures of the blue and yellow
dyes.
In the present work the sequential stain of nuclei by Celestine blue and
Mayer's haemalum as devised by Lendrum and McFarlane" prevents nuclei
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from being decolorized by the subsequent acid-containing solutions. Their
method can be replaced by that of Slidders which is a simple iron hema-
toxylin solution that can replace with advantage the older double staining
method.
SUMMARY
A method of preparing Alcian dye solution in calcium chloride is pre-
sented. The method has proven advantageous in the routine staining of tis-
sue mucins.
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